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Rk -
K1 CETHEREERER

ST 1 2 3 4 5 6
iff New York  Frankfurt London Tokyo Hong Kong  Singapore
1 U.S. Dollar 1 1.1038 0.6888 1.1900 7.8000 1.8235
2 Euro 0.9050 1 0.6241 1.0955 7.0801 1.6403
3 Pound Sterling 1.4501 1.6026 1 1.7705 11.3200 2.6506
4 Yen(100) 0.8893 0.9099 0.5677 1 6.4300 1.4957
5 H. K. Dollar 0.1282 0.1414 0.0883 0.1555 1 0.2328
6 Singapore Dollar 0.5521 0.6098 0.3773 0.6681 4.3100 1

PRk UK : Statistical Bulletins from the Federal Reserve, Bank of Englands European Central Bank,
Bank of Japan, the Monetary Authority of Hong Kong and the Monetary Authority of Singapore, December
2001.

LRI AATG T AR R BT R A

1 1.1038 0.6888 1.1900 7.8000 1.8235]
0.9050 1 0.6241 1.0955 7.0801 1.6403
1.4501 1.6026 1 1.7705 11.3200 2.6506
0.8893 0.9099 0.5677 1 6.4300 1.4957|

0.1282 0.1414 0.0883 0.1555 1 0.2328
10.5521 0.6098 0.3773 0.6681 4.3100 1
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Location 1 2 3 4 5 6
Currency New York  Frankfurt London Tokyo Hong Kong  Singapore
1 U.S. Dollar 1 1.01200 0.68601 1.19461 7.78101 1.81022
2 Euro 0.90744 1 0.62252 1.08404 7.06083 1.64267
3 Pound Sterling 1.45770 1.60638 1 1.74138 11.34237  2.63875
4 Yen(100) 0.83709 0.92247 0.57426 1 6.51343 1.51532
5 H. K. Dollar 0.12852 0.14163 0.08816 0.15353 1 0.23265
6 Singapore Dollar | 0.55242 0.60877 0.37897 0.65993 4.29838 1

R SRR A B DA HE DR RS B, A5 AT TAEARRE C:
®a HAXHERERE C

Location 1 2 3 4 5 6
Currency New York  Frankfurt London Tokyo Hong Kong  Singapore
1 U.S. Dollar 1 1.0016 1.0041 0.9961 1.0024 1.0073
2 Euro 0.9973[] 1 1.0025 1.0106 1.0027 0.9986
3 Pound Sterling 0.9948 0.9976 1 1.0167 0.9980 1.0045
4 Yen(100) 1.0623V  0.9864A 0.9887 1 0.9872 0.9870
5 H. K. Dollar 0.9976 0.9987 1.0017 1.0130 1 1.0007
6 Singapore Dollar 0.9994 1.0016 0.9955 1.0124 1.0027 1




BT O W] ERINEEMPUNTRR & AT R R B AR 71

TEHIBE C 1, JEF oy <1 BRI ¢ WHEET S ERARAS, BURKAE
WIARANII =R T Lk, HARIR: ¢ =1 i paEa, o >1
Fontioml, B ET I D EHES N N, YRR,

EICRAER TN AR D20, P32 e Al 1R B 1T, A TP IR 5 K
V7 o AN AR C AT LSS, 38 4 AT I058 2 510 S filAly, A FHE W
J1, HCA” BRI 4 ATHIER 1 A B, AR, WO “V T R
e BAR, EAML TR —%, J8TRASED, SEet=meil. J¥ET
RS 2ATH 1 5. W “[J7 bl

SIS A XTI, B H JCLEVE 24 e AR o B AR AY, 1T H oA AL I
i, BT, —ANER I L AR N BRI RN H T, R
s e by 95 T, PR MG M G ON BR JT R iR B 41 B R IR A % AER =
1/0.9864 % 1.0623/0.9973 — 1=0.07986=7.986% -

L= I 1]
s A A T IR 0 B 5 FU O 8 0 et 2

SOhe BARKI S B A TS B A A AR B R B R A, I8 AT AR
XS AERE C TRRAL, TR RRIET 1 A i 1

NeloNoN ol ool *l=l=lwlwlwlw]w ]
— WA NN IR OO — WA NN
—T T T T T T T

S O O K et b

3 ~
Q 4
ulyellcy =1

B 1 ZECehmE
VRl o S 0 A e i PO B T B L BT A (R T g, T ) A A A 1 B
M ARILFHERIT S, WAL BT AE — H 748, Bk,  f v i AR
A, R S A R o W SRR T A 2R, BRI K.

2 Locaﬁo“



72 % our % (F D 03

oy TEERIFEAERT P A LA A

EEARE R, T RS G & e — M EAR RS, 4 i i
MIEERHE B MM A C M EFEERGH SRR, A
I RER LI ER RS, (RAX T IS AR MM BRI B AR A S 1 5, W REAF
FE— 38 M 22, 32 B2 DRI Ok G Jo R 400 4 k) o ) 32 1 R ) G 5 R A B A
SRS CHNETIS Y BT, HR LS, BRI AEAN A ) B R A
LT MHETI .

s b, PSRN G, T RUE Rk U5 vE, BUSEAS R AN
T I A ) i o SE A, B AT DU 38 S DG 25 R WA Oy JEHMERE B, AT A 3R
SFANCT B ER R, i, 8 g0 CLALZY SN0 T 3 11 5 1) B
p/IE 22 i P AP e e v | B S S 2 B o A N DO R £ R o LA = T S
it BRBEER BN, JH i H T, RG220 H oo 32 b il 56
JC, ARG AR KA S8 fof, vH AR & 1.7705 X 0.8893/1.4501 =
1.08579, BIEFREEHE N 8.579%, &K 4 HRILMEFR W E 7.986%
U

AR, BN LR AT BLA i LS AN A 43 T 1R 1)
AR SEAY, R A 1 JC ) B U B 5 R IR N () S AR A R i AR AT
BRI . BATVRI, LUALL . A6 805 & A 4N T 3 50 AL 3t 6 65 R i
7SN R e RSN 12 D 1 (= 2 S S B - 1 [ R TS K ) A RS W B
AR S5 R, 5518 FRFAE ) 42 J7 V5 VT S50 I A (VP ik B 1) &5 SR Al ez
KRB, 18 FHRFAE 1) 52 77 30 7 19 A TR B R B A2 KA AH 2 F &AM T
S 2R R ER B ARG P, Wi, & AR RER LS
Ja TGS B B AR IR B AR, KAAH M TR AE 1) 557 V5 T A3 R 41,
A— R, R & 75 VR A5 B R B A2 02 5 AN T g B A
AR ISR R X A SR MR s R R 47

1 AELEZEEMBETFE F, W RMEE A JTEE R 87870 512
AmaX:n

XTJ’}EB$Ay &Armxﬂl}ﬁ%"ﬁ@:rﬂ% G= [g17 82 T g TTH g,l]T7



BT O W] RERINEERPUNTRR & AT R R LB AR 73

W B= (b, = g,/ g, )s

EBLIANE T S, BUSEIC AR A JF AR B ISR I B SB AT 19, 110 2 A
T BATMANHE)

SESGEAMREIHEE N C: CRARAE X, AMREAERE C Wt R0 (VP A6 )

& XA R B

cij:a,j/b ;H\:EF‘%Z:]HTJ»CUElvﬁﬁﬁlijﬁq‘CU%l (1)

ij’
FR4E Perron-Frobenius @ EE, XJHFE A, A NN IREE =5 AN RS T

(AG); = dpngi
Zai]gj = Amaxgi’
i=1

n
A = D, B
max azj vt

=1 &g
BBk o AT IR
n/\nm = 2(11] SL = n+ ZLIU SL,
i1 8i i 8i

> .
My = 1+ Z <al-j§L +ajl~&>.

1<i<j<n i &j
w%®ﬁ<n,%%:§WﬁALﬁ%ﬁ:
J

Mg — N = Z [c,] + c]»,-]. 2)
£

(2) R AL TSR o BV
1 WM WA A 1B 258 M. s

Mpax — N = Z[lJrl]:nz*ny

by A — 1.

Wt AU, MBLSIC R A AT HARME M B B EAPishit, A f1 B 2 F 1,
EATT IR KL A = 720

XU, ELXHBEEMMWEERT, MR A BERMMR D ZMEA =1

2 RS 0,5 | A — 0| IR
N RAR S AR TR C IR REL S, T [ A — n | IR R
E (1> iﬁ*’ Ci] * Cﬂ'~1 XTJ—F)T%‘ l¢]y



74 % our % (F D 03

é'\ Cij * le,:lJ,» €ijr JI‘EF%' Zi] Hﬂ-? EIJZ%*&/J\E/\JI‘EﬁE‘Z{,\[ﬁ (3)
o (2 A3,

o 1 D Te
M — 1 = Zz [c,-]+7:|+ L I:—’L:I
1< <i<i<n

Horh 5,8 A FIXST B IR REE (o, >0 Ml 6, <0 AL,
(GE
1 71‘ 32 1 n1 e
[N T = Zij
BT 670, M (3) B (@) 5] e, =0+ 9, fEA (5), 45
ij
n 2 n
_ ,L< [51"*5_/‘1'] [4;51' ])
Am;lx n = n 1:;;\;,, 1+ 81'1 + ]:;\i;j{” (1 + 8,‘]’)2 . (6)

IR A T IER G R o, UL DIAH K

BT 0, SRR SV AR A BRI HEALRE B (¥ A s A I FE 8, LB o, A
BT 0, A A — n | FARE T 0, FTLLAPI= A — nl/ (0 — 1) BEBEILRFIN &M
R /INAR A bl Bk oK o

Bk 3 L EEEMKATR T, BSE R A JoE R 1w 2561 R
Apax = 7

FEANETI L, BB B H BB AE AN T LI 5 oy AR ik, B LABLSE
ICHHE A A EAFAETREIT NS, W ay=1/a,; BA ERBOTH, A =n 2
SN TE R I i A

R

ISR A AMAEEZETHEN, W a;=1/a,1,

G5 ;= ag/by = ay/ Cgi/g;) = (Way) /| (1/ (gi/g;)) =1/ Cap/b) =1/c;
B c;=1/c;»

M3 Al e; =0, KA (0 A, A

A ,7i2[i] @)
max T 7T, 1+ 6; 4

BERM:
Aax = 1 HT%HQ(%IS,-]—EO (8 =1 XA i j=1, 25 = n.



T

O W] RERINEERPUNTRR & AT R R LB AR 75

Bfsk 4 MFSTM. PIATTIZETE R, AER M APT H A 2 X0 f iR 33 1 o 20

KA

"f%é” /Imax:1+\/ aipajy EI]
API:\«/alzaZI*l\. (8)

ﬁu% a12a21¢1, 5’61?131& aippajz — 1+e, ;H\:EP € %?E/J\['KJIE%&
BB H AER=€,
¥

AP =1V 1+e—1I=¢e/2.

AER = 2 X APL. 9

B e AR ET, EMBAREEAHR, H (9 XFRFERL.

1]

(2]

(3]

[4]

[5]

Z % 3K

Bolland, P.J. and J. T. Connor> “A Robust Non-Linear Multivariate Kalman Filter for Arbitrage Iden-
tication in High Frequency Data”s in Neural Networks in Financial Engineering (Proceedings of the
NNCM-95), eds. A-P. N. Refenes; Y. Abu-Mostafa, J. Moody and A. S. Weigend (World Scientif-
ic), 1996, pp.122—135.

Cai> Mao-cheng and Xiaotie Deng, “ Arbitrage in Frictional Foreign Exchange Market”, FElectronic
Notes in Theoretical Computer Science> 2003, Vol.78, Elsevier.

Levich, Richard M. » International Financial Markets: Prices and Policies. McGraw-Hill Higher Edu-
cation, 2001.

Rao, C. Radhakrishna and M. Bhaskara Rao,» Matrix Algebra and its Applicatios to Statistics and E-
conometrics. World Scientific Publishing Co. Ltd., River Edge, NJ, 1998.

Saaty, T. L., The Analytic Hierarchy Process. McGraw-Hill, New York, 1980.

Generalized Foreign Exchange Arbitrage: An
Indicator and a Possible Optimal Arbitrage Path

MING MA
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Abstract The traditional identification method of triangular arbitrage is generalized to that
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of arbitrary n currency arbitrage. The eigenvector of the matrix A of exchange rates implies the
“virtual gold pars” for currencies. Then the arbitrage-free benchmark matrix B is constructed.
C = A/B reveals measures the deviation of each currency from its benchmark value in each mar-
ket thus indicates the possibly optimal arbitrage path.
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